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Yuriy Alekseyevich Gagarin

(deceased)

Yuriy Alekseyevich Gagarin is dead. Life has been plucked from
the man who war the first in the world to blaze the way into outer
space, whose heroiam, selfless devotion to the Motherland, and
courageous service to science will be an example for all those who
march in the first ranks of the explorers of the unknown.

Yuriy Alekseyevich loved 1life; he Joved a joke.

On an occasion in 1963, at the end of a press conference, a
crowd of enthusiastic admirers surrounded the cosmonaut heroes. There
was handshaking, autographs...

At the press conference there was also the editor of the first
issue of "Artificial Satellite Tracking." In his briefcase there lay
a copy on which the editorial staff had Just finished working.

Having written the note, "Dear Comrade Cosmonauts, with what words
can you wish the new edition on its way?,"™ he passed it, together
with the magazine, to Gagarin.

Yurliy Alekseyevich turned over pages of the magazine, smiled
his remarkable, long-remembered smile, and wrote, "We bless yocu for
1ife — Gagarin." The blessing was supported also by his fellow

cosmonauts, P. R. Popovich, V. F. Bykovskiy, A. G. Nikolayev, and
G. S. Titov.

Thus was born the autograph of the esteemed editorial staff
of our magazine reproduced on the frontispiece.

Yuriy Alekseyevich perished at the dawn of his creative forces.
The news of his tragic demise went to the hearts of many millions
of people in the whole world, to whom the conquests of science are

precious. The memory of Yu. A. Gagarin will iive throughout the
centuries.

Editorial Staff

FTD-HT-23-856-68 i1
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TEN YEARS OF INTERNATIONAL COOPERATION IN THE FIELD OF
OPTICAL TRACKING OF ARTIFICIAL EARTH SATELLITES

A. G. Masevich and N. P. Slovokhotova
(USSR)

An essay on the history of the organization
of optical traczking of satellites in the USSR and
of the development of international cooperation
in the field of scientific investigations based
on such observations.

October 4, 1957 — the first Soviet artificial earth satellite
(AES) opened the space age, and up to the present time many hundreds
of artificial bodies have been orbited. Each flying laboratory has
made its contribution to the study of the world surrounding us and

nas made it possible to learn something new about the earth and the :
space surrounding 1it. !

The instruments on board the satellites have aided in the study
of the physical properties of the carth's atmosphere and the inter- :
planetary medium, magnetic fields and radiaticn belts, meteoric bodies
in zircumterrestrial space, the UV and IR radiation of the heavenly
bodies, and fluxes of charged particles coming from the sun.

Meteorological satellites, active and passive communications
satellites, and geodetic and navigational satellites are constantly
at our service in space.

T R
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An impressive achievement of man's mind were spaceships, on which
the first men into space carried out their rescarch. The use of AES
and space rockets with their scientific equipment mark a gualitatively
new step cof development for astronomy, physics, geodesy, geophysics,
meteorology, blology, and many other sciences.

In the first days of the space age more than 200 optical space
tracking stations over the earth began their difficult but interesting
work., These observations, with the basic aim at that time of keeping
track of the first space ambassadors in boundless space, gradually
became a systematic multifaceted operation, conducted by diverse
programs sad sending valuable information for z:ctronomical, geodetic,
and geophysical observations. '

As early as 1957-58 the Astronomy Council of the Academy of
Sclances of the USSR [AC AS USSR] established cooperation in the field
of optical tracking of AES with many countries of the world.

In 1958-59, stations on five continents — Europe, Asia, Africa,
North and South America, and Australia -~ took part in the tracking
of Soviet satellites.

The first foreign observations of the booster for the first AES

reached the AC AS USSR at the beginning of October 1957 from the
school observatory in Rodewisch (East Germany) and the Kkoyal

Astronomical Observatory in Edinburgh (Scotland).

In 1960-61, in connection with the end of operations on IGY and
IGC programs, many foreign stations were shut down. At present, the
Soviet Union receives regular observations from 16 countries: England,
Bulgaria, Hungary, East Germany, the Netherlands, Italy, Cuba,
Mongolia, Mali, the United Arab Republic, Poland, Rumania, France,
Finland, Czechoslovakia, and Sweden.

In the past 10 years the Sovlet computer center "Kosmos" has
received more than one million results of tracking about 700 Soviet and
American satellites and their boosters. Many preclse observations have
been received from Bulgarian, Finnish, Polish, Dutch, and Itallan

stations.

FTD-HT-23-856-68 2
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A. G. Masevich, Deputy Chairman of the AC A3
USSR. Chairman of the Commision on the
question "Scientific Research Using Tracking
of Artificial Earth Satellites.™

GRAPHIC NOT

All data from visual trackings are used in the ephemeris service
and are published in the bulletin Results of Observations of

Artificial Earth sSatellites pubiished by the AC AS USSR. In the past
10 years about 100 issues of the bulletin have been published.

The stations make their observations mainly using uniform methods
and instruments. In the USSR and the other socialist countries visual
observaticns are carried out using the AT-1 satellite telescope
(@ = 50 mm, field of view 11°, magnification 6x, maximum stellar
magnitude 9™), the TZX binocular (d = 80 mm, field of view 7°,
magnification 10x, maximum stellar magnitude 10“), the BMT-100
binccular (d = 110 mm, field of view 5°, magnification 20x, maximum
stellar magnitude llm), and other instruments. Photozraphic tracking
is done mainly using UFISZ-25-2 cameras with a Uran-9 objective
(d = 200 mm, £ = 250 mm).

Ten years' experience has made it possible to considerably improve
the trackings and increase their accuracy. Station observers have
introduced and realized many interesting innovations. Station
operating experience and suggestions for improving the observations
are published regularly in the Bulletin of Artificial Satellite
Optical Tracking Stations published by the Astroromy Council. Fifty
issues of this bulletin have been published in the past ten years.

Visual satellite tracking data from the USSR and cooperating
countries are processed at the "Kosmos" computer center and are used
basically for the ephemeris service. These observations are used to

FTD-HT-23-856-68 3




determine satellite orbital elements, study their change, and then
calculate the ephemerides used for subsequent satellite tracking.

But the ephemeris service 1s only one of the users of visual
satellite tracking which, though photographic trackings are more
accurate, because of their great number and rapid processing are
an important source cf data for solving a number of scientific problems.

In 1964-65 the COSPAR Working Group on Satellite Observations
made a detailed analysis of the possibiliity of using visual satellite
tracking for scientiflc purposes. The results ¢f the study showed
that visual trackings, if the object of observation is correctly
chosen, are very valuable for the study of dersity changes in the
upper layers of the atmosphere caused by changes in solar activity.
This problem has at present become particularly pressing because of
the increased solar activity in 1967-68.

However, the accuracy of visuzl tracking is not sufficient for
investigating the detalled structure of the earth's gravitational
field, for solving geodetic problems by methods of space triangulation,
or for studying irregular changes in the density of the upper layers
of the atmosphere.

Photographic observations of artificial satellites are more
accurate.

Ye. Z. Gindin, organizer of the Soviet optical
satellite tracking station network.

s NOT
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éé. As early as 1958 we began to use, for photographic tracking of

P bright satellites, specially reconstructed NAFA-33-25 (d = 100 mm,

> f = 250 mm) and NAFA-MK-75 (d = 210 mm, £ = 750 nm) air survey cameras.
5 These were equipped with high-speed shutters whose openings and
closings could be recorded with great accuracy on chronographs.

The fast movement of satellite images on the photographic emulsion
 : led to a very low exposure time, hundredths of a second for most
é_ existing satellites. To increase this time required that the
telescope or its film holder follow the movement of the satellite.
;fﬁ Telescopes used for ordinary astronomical observations do noc have
| the equipment to permit them to move at such high speeds as are
" required for satellite tracking.

A number of improvements were proposed for cameras in order to
raise their efficlency. These included such devices as M. K. Abele's
scanning film holder, designed in Riga, L. A. Panayotov's camera
with moving film, from the Main Astronomical Observatory of the AS
USSR, and others.

The cooperating countries also proposed a number of designs for
cameras to track satellites photographically.

In recent years, using the NAFA-3s-25 camera as the base, there
has been developed the UFISZ-25-2 automatic field equipment set
which has been installed at many stations in the USSR and other

- countries.

A new step in photographic tracking was the introduction, in .
i 1967, of the AFU-75 camera (d = 210 mm, £ = 750 mm), designed by

K. K. Lapushka and M. K. Abele (Riga). The camera can reliably

record the scintillations of active geodetic satellites and can

photograph the passage of passive satellites of up to 8-9 stellar
magnitudes.

A number of stations are equipped with the SBG general-purpose
instrument for photographic satellite tracking {(d = 500 mm, £ « 760 mm),
produced by the VEB Rarl Zeiss (East Germany).

&
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é Iz 1968 we will introduce, at the Zvenigorod experimental
station, the first mcdel of a new automatic triaxial satellite camera
for photographing weak — up to 10 stellar magnitudes — artificial
space objects (& = 500 mm, £ = 700 mm).

3 By 1962 the optical tracking of artificiali satellites in the

3 USSR and cooperating countrlies reached a considerable level.
Scientific investigations based on such observations intensified.
All conditions were ripe for converting to multilateral cooperation
among the participating countries.

On March 14-17, 1962, at a meeting in Warsaw, the representatives
of the Academies of Sciences of the socialist countries decided to
create 8 Commission on Multilateral Cooperation Between the Academies
of Sciences of the Socialist Countries or the juestion "The Optical
Tracking of Artificial Sateilites," which, on a proposal by Polish
scientists in 1965, was renamed the Commission on the Question
"Scientific Research Using Artificial Satellite Observations."™ The
leadership of the Commlssion was entrusted to the AC aS USSR.

On November 27, 1962, the first coordination meeting of the
Commission took place in Leningrad; representatives from Buigaria,
Hungary, East Germany, Mongolia, Poland, Rumania, the Soviet Union,
and Czechoslovakia participated in the meeting. In accordance with
the recommendations of this meeting, the Commission will conduct
working sessions at least cnce a year, in various ccuntries, usually
simultareocusly with sclentific conferences of satellite observers.

By the end of 1967, 11 meetings of the Commission had been held;
these occurred in the USSR, Polarnd, Hungary, East Germany, and other
countries.

At the present time the Academies of Sciences of Bulgarila,
Hungary, Vietnam, East Germany, Mongolia, Poland, Rumania, the USSR,
and Czechoslovakia conduct joint observations of satellites according
to a unified program, exchange observation results and other material
obtained during collective operation, process the obtalned results
by various methods, conduct joint research using newly created




L e T

-

-

¢

eauipnent according to coordinated programs, and
-publish the result of cooperative efforts and
bibliographic handbooks.

Courses are conducted to prepare artificial
satellites observers.

Since 1963 the cooperating countries have
published jointly the international almanac
"Observations of Artificial Earth Satellites,"
in which are published scientific articles,
remarks on station operation, and news items from scilentific meetings.
Issues of the almanac have been prepared in the USSR (1963), Poland
(1964), East Germany (1965), Czechoslovakia (1966), and Rumania (1967).
The next issue is being prepared in Bulgaria.

Multilateral scientific cooperation is being carried out on the
following themes. ’

1. Visual satellite tracking for purposes of The ephemeris
service. This werk 1s carried out by the Academies of Sciences of
all the éobperatingvbéuﬁtiiés. The coordinator is the AC AS USSR.

The visual sztellite tracking stations in the cooperating
countries conduct observations, process them operationally, and
report them to the computer center. These observations are used
calculate the ephemerides for both visual and photographic tracking
based on various programs. The ephemerides are
computed at the "Kosmos" computer center, and
also by computer centers in Poland and
Czechoslovakia.

2. Basic visual observations of low-flying
satellites in order to study temporary variations
in atmospheric density {the INTEROBS Program).
Participatants include the Academies of Sciences
of Bulgaria, Hungary, East Germany, Poland, Rumania, the Soviet Unlon,
and Czechoslovakia. The coordinator is the Hungarian Academy of

Sclences.

TZK binocular.
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The INTEROBS Program provides for simultaneous visual tracking
of low-flying satellites from two or more stations. Such observations
make it possible to obtain certain instantaneous satellite orbital
elements and their changes, and from them to study the temporary
variations in atmospheric density. This program was proposed by
observers in Hungary and East Germany and first tried in April 1961.

3. Synchronous photographic satellite tracking for purposes of
triangulation. Participants include the Academies of Sciences of
Bulgaria, Hungary, East Germany, Cuba, Mongolia, Poland, Rumania,
the Soviet Union, and Czechoslovakia. The coordinator is the
AC AS USSR.

Synchronous photographic tracking under the program for space
triangulation makes possible geodetic communication between points
on the earth's surface which are far from one another. This method
is very promising for solving a number of practical problems. It can
be used for geodetic conformation of aerial photograpinic surveys in
remote regions, the geodetic connection between islands and continents,
etc. Space triangulation will make it possible to measure the
distance between the points separated by the ocean, which henceforth
will serve as a basis for solving problems of the movement of
continents; the simplicity of the method makes it possible to carry
out the operations comparatively rapidly and with low financizal
outlay. The method can be extremely valuadle for developirg countries,
those with particularly vast territories, during their mapping in
order to locate naturali resources.

The method of space triangulation based on
satellite observations was proposed and tested
in 1961 by the Pulkovo astronomers.

The first sessicn in 1961, in which the
stations of Pulkovo, Nikolayev, Khar'kov, and

¥ P Tashkent participated, showed that this method
BMT-110 binocular. gives an accuracy of no worse than +80 m.

Tashkent Stat
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In May=June 1962 the finet session for synchronous photographic
obzervations of the Echo-1l satellite took place; rarticipuants
inciuded, besides Soviet stations, stations in Potsdam (East Germany),
Prague (Czechoslovakia), Bucharest (Rumania), and Poznan (Poland).

The total extent of this measuring network was more than 10,000 kn.

In subsequent international sessions for synchronous photographic
observations considerable observational data were obtained; these
were successfully processed in the USSR, Rumania, Poland, Bulgaria,
and East Germany.

Two sessions — in 1965 and 1966 — were conducted in order to
establish communication between European stations andéd African stations
in Bamako (Mali) and Cairo (United Arab Republic). The first session
was not completely successful due to poor weather at the European
stations; during the second, however, much data were obtained for
settinz up geodetic communication between Cairo and the European
stations.

Since synchronous observations of objects higher than the Echo
satellite can increase the number of stations participating in the
operation and thus 1ncrease the reliability of the space triangulation
netwWwork, it was decided to study the possibility of observing the
high-altitude satellite Pageos. Por this purpose, in 1966 and 1967
observation sessions were organized; participants included stations
in Bulgaria. Hungary, I.aly, Mongclia, Poland, Rumania, the Soviet
Union, Czechoslovaklia, and also stations in Calro and Bamako. During
these sessions, synchronous pairs of observations were obtained at
the stations Cairo-Zvenigorod (3000 km), Cairc-Poznan (3000 km),
Cairo-Riga (3500 k), Cairo-Bamako (3500 km), Cairo-Pulkovo (3800 km),
Nikolayev-Bamako (5000 km), and Zvenigorod-Bamako (6000 km).

The Riga and Uzhgoi'od stations, beginning in 1966, have partici-
pated in international cbservations of American active geodetic
satellites of the Geos type in conjunction with the program of the
Smithsonian Observatory, together with stations in Western Europe,
Asia, and the United States. 1In 1666 the station in Riga (observer -
K. Lapushka) obtained 29 rhotographs of scintillations of the Geos °
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‘ Western Europe.

4. Improvement of the equipment used for satellite tracking.
The Academies of Sciences of East Germany, Poland, the Soviet Union,
and Czechoslovakia are participating in this.

The improvement of cameras for satellite photography, the

: development of new instruments, and also the exchange of these

. instruments are constantly being worked on in order to increase the .

quality of observations and to unify the results obtained in the
cooperating countries.

The Academy of Sciences and the Central Administration on
Geodesy snd Cartography of Czechoslovakia have designed a camera
with a Telikon objective for satellite photography. One sample of
this camera was sent in 1965 for research in the Soviet Union and one
model was sent to Poland.

VFISZ-25-2 Satellite Camera. Nikolayev Station
No. 1077.

m
ey T

The Academy of Sciences of East Germany has sent to the Soviet

Union and Bulgaria two cameras, made in accordance with a design from
the Geodetic Institute in Potsdam for observations of Laplace azimuths
in the program used by German scientists.

The Academy of Sciences of the USSR has sent to the Academies of
Sciences of Bulgaria, Hungary, East Germany, Cuba, Mongolia, Mali,
the United Arab Republic, Rumania, Poland and Czechoslovakia a set of
improved UFISZ-25-2 cameras with automatic control.

10
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For several years now, within the frameworls of multilateral
cooperaticn, thére has been under development a special camera for
photographing artificlal earth satellites. This is the SBG generai-
purpose instr ment (d = 500 mm, f = 760 mm), which is controlled-
using programs fed through a special computer. The VEB Karl Zelss
(Fast Germany) has already begun serial producticn of such a camera.
The Academies of Sciences of the cooperating countries have ordered
from East Germany such cameras for their stations, which will make
it possible to carry out investigations requiring observations of

particularly high accuracy. :

i Above we have already mentioned Soviet work in the designing
of cameras for phctographing artificial earth satellites.

Photo of passage of Echo-~2 on first orbit
after launch. NAFA-3s-25 Camera. Dushanbe
Station No. 1068.

5. Photometric satellite observations. Coordinators — the
Academies of Sciences of the USSR and Czechoslovakia. )

b% Photometric observations of artificial satellites have been

¥ carried out in the USSR since 1958. Since most satellites do not
have regular spherical form, their brightness (due to rotation of the
: satellites around their axis) changes and thus it becomes possible

t to determine the period of their rotation above their axis. ’

Systematic photometric observations make it possible to study
regularities in the change of the pericd of rotation caused by
atmospheric braking, and thus to investigate the state of the earth's
atmosphere and the influence of variations in solar activity on it.
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